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- ﬁydrazine G&HZN#Z’T and monomethyl hydrazine Mre examined ‘

with respect to théir“effects on vertebrate cell cultures.” Comparative
growth and morphological studies demonstpated that both compounds affect B
the cell surface. The technique of Taser cell surface photobleaching of 2
membrane probes is being developed as an assay of membrane fluidity changes.

Considerable effort was devoted to perfecting this method by making numerous
measurements on different cell types using two different probes. Cells — 4
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(//atreated with Hz and MMH exhibited distinct differences from the controls

with respect to the % of cells showing lateral surface mobility. Further-
more a distinct difference was observed with respect to the qualitative
distribution of the surface probe in control cells versus hydrazine-
treated cells. Finally, correlative electron microscopy and electro-
ph¥1i01ogy demonstrated a marked effect of MMH on cell mitochondria and
CA™™ ion flux.
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B. RESEARCH OBJECTIVE

The research objectives for the period 11/1/80-10/31/81 were to continue
with analysis of cells in primarily two areas: (1) studies on membrane fluidity
changes, (2) studies on cytoplasmic changes. The first objective was to involve
making measurements on the cell surface employing our laser fluorescence
system. It was hoped that this system could be developed to assay fluidity
changes of the cell membranes for different cell types when exposed to challenging
agents such as hydrazines. The second objective was aimed at studying cyto-
plasmic target sites employing the fluorescence system as well as other methods:
electrophysiology and electron microscopy. It was anticipated that this combined
method attack would elucidate the basic mechanisms of hydrazine effects on cellular
systems.

C. STATUS OF RESEARCH

Considerable progress was made in both of the main objective areas. In
addition comparative studies between hydrazine (NH)NHz) and monomethyl hydrazine
(NHoNH CH3) were performed.

With respect to the comparative studies, these studies overlapped from the
previous year and the results were published (see "A" attached). These studies
were designed to elucidate the cellular effects of hydrazine on four established
tissue culture vertebrate cell lines (rat kangaroo kidney, Xenopus toad kidney,
human diploid fibroblast, and Chinese hamster cells) and primary cultures of
neonatal rat myocardial cells. Cells were exposed to hydrazine in various con-
centrations (0.001 to 10 mM) for varying time periods. The resulting growth
and morphological data revealed a possible site of hydrazine action. 1In all
cell lines tested, population growth was depressed by low concentrations
of hydrazine (0.0] to 0.1 mM)., Cell growth was initially depressed, but it
eventually returned to normal log phase growth even when fresh hydrazine was added
to the culture medium. At higher concentrations (0.5 to 2.0 mM), hydrazine was
lethal. Most cell types first showed population growth depression at 0.01 mM
hydrazine, but the lethal concentration varied with the cell type. Cultures
treated with hydrazine yielded a significantly higher number of giant multi-
mucleated cells. Autoradiography studies employing (3H) thymidine confirmed that
the large, multinucleated cells resulted from cell fusion. The increase in cell
fusion in hydrazine treated cell cultures implicated the cell surface as a possible
target site. Scanning electron microscopy confirmed concentration related surface
differences between control and hydraz ine-treated cells. Further membrane studies
examining the effects of hydrazine on the contractile and intercellular spontaneous
electrical activity of myocardial cells in culture indicated that hydrazine also
altered these membrane-related activities in a concentration and time-depeandent
manner.

In the area of laser photobleaching on the cell surface, we presented
v prelminary results of these studies at the Ohio State Air Force Review in June
of 1981 (see "B" attached). In these early studies cells were treated with a
common cell surface lectin probe conconavilin A and the distribution and mobility
of the fluorescent binding sites were assayed in control and hydrazine treated
cells. The qualitative distributijon was markedly different in Hz, MMH, and
control cells. When compared to non-hydrazine treated controls, Hz treated heart
cell fibroblasts showed a very marked increase in Con-A binding at the cell
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peripherijes, at cellular junctions, and in the ruffling edges of cell membranes.
This effect was evident though greatly reduced in MMH-treated cells. It therefore
appears that Hz has a greater cell surface effect, as evidenced by the distribution
of Con-A binding sites.

With respect to actual mobility of the fluorescent probes, the data is
summar ized in Table I (next page). These data have been collected since the
June Ohio meeting, and it is evident that there is an increase in receptor mobility
(XM) caused by hydrazine treatment, with MMH having the greatest effect. However,
it should also be noted that even though there are more sites showing mobility in
Hz and MMH treated cells, the actual diffusion rates (D) do not demonstrate any
consistent pattern. Because of this great variability in diffusion rates, we
undertook a series of experiments in which (1) different membrane probes were
used, (2) different size laser spots and bleaching times were employed. These
experiments have employed the use of f- Con—A and HAF [5-(N-hexadecanoyl)] fluorescein.
Since these studies are presently underway, they will be summarized in next year's
annual report.

The other major area of our research was in the cytoplasm. In these studies
we investigated the cytoplasmic target sites of Hz and MMH using fluorescence
analysis, electron microscopy, and electrophysiology. Preliminary results presented
in Ohio demonstrated that the hydrazines affected cytoplasmic mitochondria by
inhibiting the fluorescent oscillating pattern of Rhodamine treated cardiac cells.
These observations were further expanded, and eventually contained within a
paper submitted for publication (see 'C'', pages 9~10 and Fig. 3). When we
presented the data at the Ohio meetings, we only had a few cells in each
category. As can be seen from Fig. 3 in the preprint, several hundred cells
have been measured since that time. These results clearly indicate that the
the hydrazines are affecting the mitochondria in addition to the cell surface.

Finally, we have performed extensive studies with electrophysiology and
electron microscopy in an attempt to further elucidate the cellular effects of
hydrazines. These results were also presented in Ohio (see "D" attached).

However, since that time we have performed more extensive studies and are currently
preparing a paper to submit to Nature. The results of these studies lead to
several conclusions:

Firstly, an MMH-induced cytoplasmic [Ca2+]1 overload is buffered by
mitochondria (presence of numerous intramitochondrial ca2t deposit granules). A
residual, slightly higher than normal [Caz*]i is still presesnt in the cytoplasm
as indicated by a slight electrical depolarization, increased action potential
discharge frequency and contractility. This internal free ca2t concentration may
not be sufficient for Gyg(ca) activation.

Secondly, grolonged mitochondrial exposure to an MMH~induced increase in
cytoplasmic [Ca +]1 eventually diminishes their buffering capacity due to
intramitochondrial Ca2t overload and impairment of their normal metabolism.

Our findings show that intramitochondrial calt granules disappear progressively
and that normal mitochondrial structure is progressively altered by MMH.
Paralleling these ultrastructural changes the intracellular activity of the cells
show a progressive resting membrane potential polarization (average 12mV more
negative than normal). We propose that the progressive increase in Kt conductance
responsible for cell hyperpolarization is due to a gradual increase to higher




- ——

———— .

]

()
l’lh---~-—‘

il1vy E;des

CRA&T
butlon/r

DTIC PaB

——————

1
+

Avelil andsor —
| Speetal

I ]

!

By_____
Dlst:rj
Avallan

c38ssion For

NTI3
Dist

el 3selq
91 W% -o4qig
pl ,
4 g wd) @  3I4edH _
X0°€ 0LX6°6 (99s/,ud) @ |
p-0LXL"9 ,-01%0 - | ¢ |
_ m ..
ON s/_wd) g 9-y
) X1y 0LX2" ¥ (99s/,w) @
pOLXL L p-OLXL - ¢
- 22 W N .
3y wd) g ¥1d ]
. FA 0LX9°€ (99s/,w) @ |
0LXS"€ ,-01XC - .
il paleadul ZH {043U0)

pojeadl HWW

0 abejuaauad
oejans [eadle burfeldsiq m“mwwwwwm:w:c
(HE) A3LE1A%H B Sauelsuo) uotsniitd moo %o cmppm:ﬁm>m
A vMMzAmeamumm 3de}dng 11997 Y U0) L
SATLLL




than physiologically normal levels of cytoplasmic [ca2*) as the mitochondria
lose their buffering capacity. As demonstrated, excessive hyperpolarization
in pacemaker cells may polarize them beyond pacemaker potential current
activation membrane potential levels. Re-establishment of normal action
potential and contraction frequency by depolarizing current injection

: indicates that the observed changes in electrical activity are due to an

3 ' active and gradual membrane hyperpolarization induced by the proposed
[Ca2t) 4 elevation.

Our results give further evidence that: (1) mitochondria can act as calt
buffers when the cytoplasmic concentration of ca2t increases above normal
levels and (2) the level of free intracellular Calt can affect potassium
permeability in cardiac muscle. Finally, these studies directly implicate
the calcium-mitochondrial system as a major target of MMH action.
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Hydrazine Effects on Vertebrate Cells in Vitro!’

ANN E. SIEMENS, MARGARITA C. KITZES, AND MICHAEL W. BERNS
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Hydrazine Effects on Vertebrate Cells in Vitro. SIEMENS, A. E. Kitzes, M. C., AND
BERNS, M. W, (1980). Toxicol. Appl. Pharmacol. §5, 378-392. This study was designed to
elucidate the cellular effects of hydrazine on four established tissue culture vertebrate cell
lines (rat kangaroo kidney, Xenopus toad kidney, human diploid fibrobiast, and Chinese
hamster ceils) and primary cultures of neonatal rat myocardial cells. Cells were ex- i
posed to hydrazine in various concentrations (0.001 to 10 mm) for varying time periods. The
resulting growth and morphological data revealed a possible site of hydrazine action. In
all cell lines tested, population growth was depressed by low concentrations of hydrazine
(0.01t0 0.1 mm). Cell growth was initiaily depressed, but it eventually returned to normal log
phase growth even when fresh hydrazine was added to the culture medium. At higher
i . concentrations (0.5 to 2.0 mMm), hydrazine was lethal. Most cell types first showed popula-

tion growth depression at 0.01 mm hydrazine, but the lethal concentration varied with the
cell type. Cultures treated with hydrazine yielded a significantly higher number of giant,

{ multinucleated cells. Autoradiography studies employing (*H]thymidine confirmed that the
large, multinucleated cells resulted from cell fusion. The increase in cell fusion in hydrazine
treated cell cultures implicated the cell surface as a possible target site. Scanning electron
microscopy confirmed concentration related surface differences between control and
hydrazine-treated cells. Further membrane studies examining the effects of hydrazine on
the contractile and intercellular spontaneous electrical activity of myocardial cells in cul-
ture indicated that hydrazine also altered these membrane-related activities in a concentra-
tion and time-dependent manner.

?
A
i

Hydrazine (NH,NH,) is a hydroscopic,
highly polar reducing agent (Raphaelian,
1966). This reactive compound, described
as the ammono analog of hydrogen per-
oxide, can be converted to a variety of
widely used alkyl derivatives. Both hydra-
zine and its derivatives are used extensively
in the production of photographic de-
velopers, agricultural chemicals, and
pharmaceutical products. The use of hydra-
zine both as an oxygen scavenger in industry
and as a major component in high-energy

' The U.S. Government's right to retain a nonexclu-
sive royalty-free license in and to the copyright cover-
ing this paper, for governmental purposes, is ac-
knowledged.

004 1-008X/80/110378- 15502.00/0
Copyright © 1980 by Academic Press, Inc.
All rights of reproduction in any form reserved.
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rocket fuel cells constitutes its major com-
mercial uses. As a result of these applica-
tions, hydrazine and its derivatives are be-
coming more prevalent in the environment,
and their use has been criticized as a source
of biological hazard.

Previous studies have detailed the
hazardous effects of hydrazine and ielated
derivatives. Hydrazine is known to effect
pyrimidine-related mutations in DNA
(Brown et al., 1966; Brown, 1967; Gupta
and Grover, 1970; Kak and Kaul, 1975), and
it is easily derivatized into a number of
detrimental agents which act as both toxins
and carcinogens. The most studied of these
agents include the toxins, hydralazine,
which interfers with smooth muscle con-

Approved for publy '
ere
distridution muuo::”. '
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traction (McLean er al., 1978), phenyl-
hydrazine, a hemolytic agent including
anemia and Heinz body formation (Jain
et al., 1978), and monomethyl hydrazine,
a metabolic inhibitor (Dost er al., 1976). A
carcinogenic relative of the latter derivative,
dimethylhydrazine, has produced both
colon and blood vessel tumors in several
laboratory animals (Toth and Wilson, 1971;
Toth ¢t al., 1976; Mak and Chong, 1978;
Barkla and Tutton, 1978). More specifically,
some of these effects are produced in
isolated cellular components only under
specific conditions of treatment (Brown,
1967; Kak and Kaul, 1975). The importance
of these studies may be underestimated or
misinterpreted without a basic understand-
ing of the impact such compounds have on
a wide variety of cell types when tested
under controlled conditions.

The present study investigates the basic
cellular responses of diverse vertebrate cell
types in vitro to the compound hydrazine.
The results implicate the cell membrane as
one of the major targets of hydrazine action.

METHODS

Muaintenance of Cell Cultures

The PTK, cell line. which was derived from normal
adult male Kidney of Potorous tridactvlus, was ob-
tained from the American Type Culture Collection
(CCL 56). Cells were grown in minimum essential
medium (Eagle) with Earle’s salts supplemented with
0.085% sodium bicarbonate, 10% heat-inactivated
fetal calf serum, and 0.011% pyruvic acid. Cultures
were maintained at 37°C in a 5% CO,, 95% air at-
mosphere in Falcon T-75 lastic flasks. Cells were en-
zymatically detached from the flasks as follows: the
supernatant overlying the cell monolayer was aspirated
from the T-75 flask and replaced with 4 ml of an en-
zymatic solution (0.25% pancreatin, 0.1% EDTA in a
batanced salt solution, pH 7.0). Cells detached from
the substrate during incubation (6 min, 37°C) and light
Pasteur pipetting. The enzymatic solution was diluted
out with § ml of medium, and the cells were pelleted
from the suspension (S min. 200¢). The resulting super-
natant was discarded. and the cells were diluted in
fresh medium for plating into either T-75 flasks (4

x 107 cells/ml in 10 m! of medium/flask) for growth
curves or into Rose multipurpose chambers (50
x 10° cells/ml, Berns er al., 1972) for microscopic
evaluation.

The A6 cell line (American Type Culture Collec-
tion, CCL 102), derived from primary culture of normal
male toad (Xenopus laevis) kidney, was maintained in
Eagle's minimum essential medium (Hank’s salts)
fortified with 109% heat-inactivated fetal calf serum,
penicillin (100,000 1U/liter) and streptomycin sulfate
(0.0714 gliter) in a 5% CO,. 95% air atmosphere
at room temperature. For weekly subculturing and ex-
perimental setups, the cells were enzymatically re-
moved from the flasks as previously described (4 min of
incubation at room temperature) and plated into T-75
flasks for growth curves (4 x 10° cells/flask in 10 ml
of medium) or into Rose chambers (75 x 10° celis/ml)
for microscopic evaluation.

Human diploid embryonic lung cells (WI138) were
purchased from the American Type Culture Collec-
tion (CCL 75). These cells were maintained in Eagle's
basal medium (Earle’s salts) with 10% uninactivated
fetal calf serum in a 5% CO,. 95% air atmosphere.
For weekly subculturing and growth curve experi-
ments, the cells were enzymatically detached from the
flask as previously described with the following modi-
fication: the cells were incubated S min at 37°C in an
enzymatic solution consisting of 0.25% trypsin in a
balanced salt solution. pH 7.0.

Chinese hamster cells (CH), also referred to as the
MC-3 line. were generously provided by Dr. Joe Gray
(Lawrence Livermore Laboratory. Livermore, Calif.).
They were maintained in minimum essential medium
(Earle’s salts) supplemented with 15% heat-inactivated
fetal calf serum. 4.6% NCTC-135 (GIBCO, Grand
Island, N.Y.) and 60 mg/liter gentamycin -'ite
(Schering Corp.. Kenilworth, N.1.j in a 10% CO,. 90%
air atmosphere at 37°C in T-25 flasks (Falcon. Pitts-
burg. Pa.). After enzymatic detachment from flasks
(incubated S min, 37°C). these ceils were plated in
Falcon T-25 flasks at 2.5 x 10° cells/flask in § ml
medium for growth experiments.

Hydazine Stock Solutions

Hydrazine (MW 32.05, anhydrous. 97%) was sup-
plied through the courtesy of Dr. Ronald Shank
(University of California. lrvine). Stock solutions of
100 and 10 mm hydrazine were prepared by dilution
into 0.01 N HCL The stock solutions were diluted
from 50- to 1000-fold in tissue culture medium just
prior to application on the cultures. Control cultures
received a corresponding amount of 0.01 N HCI with-
out hydrazine in the medium. In the quantities used.
the addition of 0.01 N HC1 with or without hydrazine
did not significantly alter the pH of the medium.
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room temperature and overnight at 4°C. The cover-
Mips were then washed in phosphate-buffered saline
and mounted on glass microscope slides. Auto-
radiography was performed in total darkness as fol-
lows: the slides were dipped into a 33% aqueous
solution of 1lford nuclear research emulsion type 1.-4
{batch PL-729, Ciba-Geigy Co.. Iiford. Ltd.. Basidon
Essex. Essex. England), dried for [ hr at room tempera-
ture and stored in a dessicant-containing, light-tight
box (4°C). One week later, the slides were de-
veloped using Kodak D-19 developer (5 min). 1%
agueous acetic acid stop (15 sec). Kodak fixer (5 min),
and water rinse (20 min). all solutions were used
at 18°C. The autoradiographs were stained in a fil-
tered, saturated aqueous methylene blue solution (15
min) and destained with water. Permanent mounts were
made of the slides after a series of ethanol dehydrations.

Electron Microscopy

Xenopus cells (75 x 10* cells/fml) were plated into
Rose chambers in medium containing either 0.01 N
HCI with hydrazine (final experimental culture hydra-
zine concentrations from 0.0) to 1.0 mm) or cor-
responding amounts of 0.01 N HC) alone (control cul-
tures). Fresh medium containing hydrazine was added
at 48 hr. After 3 days, the cells were fixed in medium
with 2% glutaraldehyde (30 min at room temperature,
and overnight at 4°C), and the adherent cells on the
glass coverslips were processed for SEM according
to the procedures described by Cohen ¢r al. (1968).
The coverslips were rinsed 5 min in phosphate-buffered
saline and run through a series of 5-min dehydra-
tions in aqueous ethanol (50-100%). This was fol-
lowed by a series of 10-min ethanol-freon dehydra-
tions (30-1009% Freon 113), critical point drying
(Omar SPE-900EX) utilizing Freon 113 and gold
evaporation (Technis Hummer 1. 3 min at 10 V).
Coverslip specimens were mounted with silver paint on
aluminum studs and analyzed on a Hitachi HS500
scanning electron microscope (15-20 kV. tilt angle of
30-55°). Random samples of cells on the cover-
slips were examined with regard to the quantity of cell
surface projections (light. moderate, or heavy surface
detail) that each cell displayed. Tabulations of the
number of cells displaying each type of surface detail
were prepared from each specimen by an investigator
who was unaware of which specimen corresponded
to each hydrazine concentration. Evaluation of the ob-
served data was verified with Student’s 1 test (con-
fidence level at least 95%).

Heart Culture/Electrophysiology

Neonatal rat (1-2 days old) ventricular cells were
cultured in Rose chambers according to the methods

previously described (Kitzes and Berns. 1979). Glass
micropipet microelectrodes filled with 2.7 M K-citrate
were utilized for intracellular recording. Electrodes
were selected with resistances between 20 and 50
megohms. Individual contracting myocardial cells
were selected for impalement by observation through
a Nikon inverted-phase microscope. The microelec-
trode was carefully lowered into the selected cell using
a de Fonbrune pneumatic micromanipulator. and the
electrical properties of the cell were recorded and
analyzed according 1o the procedures described earlier
(Kitzes and Berns. 1979). Recordings were made both
before exposure to hydrazine and during the indicated
times after the medium bathing the cells was replaced
by medium supplemented with 0.01, ¢.1. or 1.0 mm
hydrazine.

RESULTS

Figure | demonstrates the basic dose-
related growth response of four cell types to
hydrazine concentrations of 0.01 to 10 mm.
Although the different cell types expressed
varying degrees of sensitivity toward hydra-
zine, all cell types showed several common
responses. Hydrazine was cytotoxic to all
populations tested at dosages ranging from
0.5 to 4 mM, depending on the cell type.
At lower concentrations. hydrazine pro-
duced a dose-dependent suppression (but
not complete inhibition) of population
growth with 0.01 to 1.0 mMm being the
threshold range of response for most cell
types tested. For each cell type. there ap-
peared an optimum dose (OD) of hydrazine
which initially suppressed population
growth from control levels and yet allowed
the treated population to recover to log
phase growth. This dosage appeared to be
1.0 mM for PTK,. 1.0 mMm for A6, 0.1 mMm for
WI38. and 0.05 mM for CH cells. The return
of OD-treated populations to log phase
growth implies that either the action of
hydrazine on a cell may be short-lived or
that nonhydrazine sensitive cells in the
population are being selected for.

In addition to being dose dependent (Fig.
1), the growth suppression seen in both A6
and PTK, cell types appeared to be related
to the length of time of hydrazine exposure.
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FiG. 1. Growth response curves of four cell lines (PTK,, WI-38, A6, and CH) to solutions containing
the indicated hydrazine concentrations. Cells were exposed to fresh hydrazine at every point along the
graph throughout the duration of the experiment. Arrows indicate the point of initial treatment.

The effects caused by various exposure
lengths of 1.0 mM hydrazine on PTK; and
A6 cells are illustrated in Fig. 2. These cul-
tures were replenished with medium con-
taining fresh hydrazine at the initial expo-
sure point (arrow) and at every subsequent
data point up to 24 or 96 hr. The cultures
designated ‘‘continuous’ received fresh
hydrazine-containing medium at each data

A £ i i ; e

point throughout the experiment. Beyond
the designated time of treatment, the
medium was replaced at each data point
with fresh medium containing no hydrazine.
The net population increase observed in cul-
tures receiving fresh hydrazine containing
medium at every point beyond induction
is noteworthy. It suggests either a selec-
tion of genetically resistant cells or a physio-
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logical adaptation of cells to hydrazine. It is
not likely that the observed effect is due to
hydrazine breakdown in the medium; if this
were occurring, at least an initial depression
in growth rate should be observed after
exposure to each fresh hydrazine application.

To test for the selection of hydrazine
resistant cells, OD-treated A6 cells which
achieved log phase growth (Day 10) were
replated and treated anew with fresh hydra-

zine (Fig. 3). The ‘‘selected’’ cells re-
sponded to hydrazine treatment with severe
population growth suppression similar to
the untreated ‘*naive’’ cells. The difference
between the growth rates of ‘‘selected’” and
‘“‘naive’’ cells was insignificant when com-
pared to the control growth rate. There was
no appreciable difference between growth
rates of untreated ‘*naive’’ and untreated
‘“‘selected”” controls (data not shown).
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F1G. 2. Growth curves of A6 cells and PTK, cells treated with 1.0 mM hydrazine for varying ex-
posure periods. Established cultures received medium containing fresh hydrazine at each point from
the initial point of treatment (indicated by arrow) up to the designated time — 24 or 96 hours, or through-
out the duration of the experiment (continuous). Beyond the indicated treatment, the cultures received
fresh medium without hydrazine at each subsequent point.
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These results indicate that no genetic
selection was operating in the observed
recovery from hydrazine-induced growth
suppression. Further attempts to detect
hydrazine-induced genetic mutation in
several cell lines via ouabain resistance and
growth in sloppy agar were completely un-
successful.

Besides unsuccessful mutation assays,
several other experiments were performed
to detect hydrazine-induced cellular anoma-
lies which would account for the behavior
of the experimental populations. Examina-
tion of earlier Coulter counter data of con-
trol and hydrazine treated populations
revealed an apparent cell size increase
in the experimental cultures (Fig. 4). In a
typical dose response growth curve of 72-
hr-treated populations, the experimental
cultures had a measurably larger mean cell
volume than the control cultures (plots of
cell populations are taken from Day 5
samples of control and 1.0 mM-treated A6
and PTK; cells shown in Fig. 1). Further

A6
CONTROL

30|

N
Q
P

CELLS/FLASK (x10%)

(o]
2

1
{
SELECTED |
(

NAIVE CELLS

01 234 56
TIME (DAYS)

FiG. 3. Effects of 1.0 mm hydrazine on the growth
rates of two subpopulations of A6 cells: *"selected’’
cells, which had been grown to confluency in the
presence of 1.0 mm hydrazine, and ‘‘naive’” or un-
selected A6 cells. Both populations were treated
with hydrazine throughout the experiment from initial
time of exposure (indicated by arrow).

TABLE |

INCIDENCE OF MULTINUCLEATION OCCURRING IN
BotH ConTROL PTK,; CULTURES AND EXPERIMENTAL
CULTURES TREATED FOR 2 Days WITH 1.0 mwMm
HYDRAZINE

Uni- Multi- Total
nucleated nucleated No.

cells (%)  cells (%) cells

Control cultures 92 8 170
Experimental cultures

(hydrazine treated) 78 22¢ 159

“ Hydrazine-treated cultures had significantly more
multinucleate cells than did controls (at least 95%
confidence).

microscopic analysis of PTK, cells revealed
significantly more multinucleate cells in 1.0
mM hydrazine treated populations than in
control populations (Table 1, Fig. 5). This
threefold increase in multinucleation re-
sulted in each of triplicate experiments
performed.

The increase in cellular multinucleation
suggests that hydrazine may act to produce
either abnormal mitosis resulting in multiple
nuclei or cell surface alterations promoting
cell fusion. Experiments were undertaken
to test for both possibilities in 1.0 mm-
treated cell populations. Because PTK, cells
remain perfectly flat throughout mitosis
(Rattner and Berns, 1974), it was possible to
carefully observe mitosis by light micros-
copy. Studies employing still and time lapse
photography revealed no difference in
mitotic abnormalities between control and
treated populations. However, evidence for
increased cell fusion in hydrazine-treated
populations implicated the cell surface as a
possible target site for hydrazine action
(Table 2). In a mixed population of PTK,
cells having either regular or *H-tagged
nuclei, the presence of multinucleated cells
containing both types of nuclei (tagged and
untagged) suggested that cell fusion was oc-
curring. There was a fivefold increase of
these types of cells in the hydrazine-
treated populations as compared to the con-
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100~
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Fi1G. 4. Effect of 1.0 mM hydrazine on the relative distribution of individual cell volumes from PTK,
and A6 suspended cell cultures (from Fig. I, Day 5) as determined by Coulter counter-channelyzer
plots. Abscissa represents 100 graded relative cell volume channels. Ordinate illustrates the number
of cells in a population fitting a certain channel size: maximum cell number per channel = 1000.

trol populations (Fig. 6 and Table 2).
Furthermore, the quantity of these cells
comprising the entire multinucleate popu-
lation of a culture was significantly higher
(1.5-fold) in the hydrazine-exposed cultures
than in control cultures.

To further investigate membrane effects,
cell surface morphologies of hydrazine-

treated and control A6 cells were studied
(Fig. 7). Table 3 presents data showing
the effect of hydrazine on the cell surface.
It is clearly evident that there is a sig-
nificant, inverse relationship between the
hydrazine concentration a cell received and
the amount of SEM detectable cell surface
projections it displayed. Furthermore,
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FiG. 5. Phase contrast micrographs of PTK. control cultures tA)and 72 hr. | 0 mat hydrazine-treated
cultures (B). Magnification, 2200x.
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TABLE 2

INCIDENCE OF CELL FUSION OCCURRING WITHIN
THE MULTINUCLEATED POPULATIONS IN BOTH CONTROL
PTK, CULTURES AND EXPERIMENTAL CULTURES
TREATED FOR 3 DAYS WITH 1.0 mM HYDRAZINE

Dis-
Similarly  similarly
Uni- Multi- labeled  labeled
nucleated nucleated  nuclei” nuclei®
cells (%)  cells (%) (%) (%)
Coatrol
cultures 95 5 4 ]
Experimental
cultures 85 15 10 5
“ Refers to multinucl d cells ing either all normal
or all [*H]thymidine-tagged nuclei.
® Refers to multinucl d cells both normal and

[*Hthymidine-tagged nuclei.

¢ Hydrazine-treated cultures had significantly more dis-
imilarly [abeled Itinucleated cells than controls did
(confidence level at least 95%).

this inverse relationship is concentration
dependent, paralleling the results of the
growth response curves.

Since the cell fusion data and the SEM
data implicated the cell membrane as a
primary site of hydrazine action, addi-
tional studies were undertaken to examine
the effect of hydrazine (0.01 to 1.0 mM) upon
membrane-associated electrical and con-
tractile activities of neonatal rat myocardial
ventricular cells in culture.

A typical intracellular recording of spon-
taneous action potentials recorded in a
rhythmically contracting heart cell is shown
in Fig. 8a. The resting membrane potential
is approximately ~60 mV, and the action
potentials occur at a rate of approximately
1 per second. In Figs. 8b and ¢ are shown
typical recordings 10 and 20 min following
exposure of the culture to 0.01 mMm hy-
drazine. Three effects are apparent: (1) a
depolarization of the resting membrane po-
tential, (2) a reduction of action potential
amplitude, and (3) a disruption of discharge
rhythmicity. These electrical changes were
accompanied by a disruption of the rhyth-
mic contractile behavior of the cell. How-
ever, electrical activity returned to almost

normal status 30 min after cells initially
received medium containing 0.01 mm hydra-
zine (Fig. 8d).

Exposure to 0.1 mM hydrazine (Fig. 9b)
resulted in (1) a more severe reduction in
membrane potential that is still evident 15
min after exposure, (2) a complete absence
of action potential discharge, and (3) ar-
rhythmic baseline activity. During this time,
the cell was not contracting. At this hydra-
Zine concentration, the cells resumed
normal electrical and contractile activity
after 45 min in the hydrazine-supplemented
medium (Fig. 9¢). Cells exposed to 1.0 mm
hydrazine (Fig. 10) did not recover after
45 min to 1 hr in the experimental medium.
At this time (Fig. 10), only very aberrant
electrical activity accompanied by occa-
sional small and atypical contractile activity
was observed. However, these cells re-
sumed normal electrical and contractile
activity 15 min after the hydrazine-contain-
ing medium was replaced with normal me-
dium (data not shown).

DISCUSSION

The purpose of this study was to exam-
ine the basic cellular effects of hydrazine.
Previous studies have linked hydrazine and
its derivatives with carcinogenic and muta-
genic effects. Carcinogenic effects of the
hydrazine analog 1,2-dimethylhydrazine
have been reported in vivo in studies of
rodent intestines (Barlka and Tutton, 1977,
1978; Jacobs, 1977; Mak and Chong, 1978:
Richards, 1977, Sunterer al. 1978; Toth et al.
1976) and blood vessels (Toth and Wilson,
1971). Hydrazine has been shown to mutate
DNA from a variety of sources (Raphalian,
1966; Dave, 1977, Brown, 1967; Brown e
al., 1966; Gupta and Grover, 1970; Kak and
Kaul, 1975; Kimball, 1977; Kimball and
Hirsch, 1975, 1976; Lemontt, 1977). These
effects appear as the result of the chemical
treatment of selected target tissues under
specific conditions. In this study, however,
a diverse variety of tissue culture cell types
were employed to ascertain the basic cellu-
lar effects of hydrazine.

R Y
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'@

Fi16. 6. PTK; cell cultures, stained after autoradiography with methylene blue. from control (A) and 32
hr. 1.0 mm hydrazine-treated (B) cultures. Cells containing both labeled and unlabeled nuclei were
formed by cell fusion. Magnification. 1900x .
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F1G. 7. Scanning electron micrographs of A6 cells which typify (A) heavy, (B) moderate, and (C)
light cell surface projections. Bar, § um.

The noted hydrazine-induced growth ef-
fects shown in this study could be classified
into two basic types of responses. First of
all, the cells demonstrated a concentration-
dependent response to hydrazine treatment
(Figs. 1, 8, 9, 10 and Table 3). In these
studies, different hydrazine concentrations,
usually spanning three or four orders of
magnitude, caused effects ranging from im-
perceptible cellular changes to lethality.
Within this concentration range, the cells
could survive, proliferate, and function.

TABLE 3

EFEECTS OF VARIOUS HYDRAZINE DOSAGES ON SEM
DETECTABLE XENOPUS CELL SURFACE PROJECTION

Cells with  Cells with  Cells with
Hydrazine light moderate heavy

concen- surface surface surface Toual

tration projection  projection projection No. cells
(mMm) (%) (%) (%) sampled
0 24 37 39 196
0.01 355 315 33 186
0.1 60 3.5 8.5 188
1.0 79 17 4 203

Note. Statistical analysis verified a significant difference in
the quantity of light or heavy cell surface projection present
between populations of control cultures and populations
receiving either 0.1 or 1.0 mMm hydrazine (confidence level
at least 95% ).

Second, in the growth response curves,
the growth rate remained depressed while
cells received intermittent rechallenges to
the higher hydrazine concentrations; how-
ever, the growth rates resumed normal log
phase levels when hydrazine-containing
medium bathing the cells was replaced with
normal medium (Figs. 2, 3, Control—see
Methods). At the lower concentrations of
hydrazine treatment, the cells exhibited an

e, dilline |
V‘Ji H U\;b A-NJL vvvwe -
¢ 0.01mM Hydrazine d Recovery
AL I
TR J u\“ | ‘m
%Y [V1V19%

FiG. 8. Effects of exposure to 0.01 mM hydrazine on
the spontaneous intracellufar electrical activity of
rhythmically contracting myocardial cells in culture:
(a) Control activity (no exposure to hydrazine): elec-
trical activity after exposure to 0.01 mM hydrazine
for (b) 10, (c) 20, and (d) 30 min.
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F1G. 9. Effects of exposure to 0.1 mM nydrazine
(a) control; (b) 15 min after cuiure received 0.1 mMm
hydrazine solution: (c) 45 nn axier cuftur ¢ received 0.1
mM solution,

initial depression :n growth. but, upon re-
exposure to fresh hydrazine, they appeared
to attain a normal grivwth rate. Likewise
in heart cell cultures, the aberrant electrical
and contractile effects produced by the
presence of 1.0 mm hydrazine abated when
these cells were washed and bathed in
normal medium. In the presence of low
hydrazine concentrations, treated heart
cells appeared to show some recovery from
the observed effects (Figs. 8, 9).

The mechanism whereby treated cells
rebound in the presence of fresh hydra-
zine is unclear. It seems possible that
this **tolerance’’ or ‘‘recovery’ may be due
to an increased capacity of exposed cells to
inactivate hydrazine or its effectual metabo-
lite. The production of ‘‘tolerant’ cells in
the presence of hydrazine could also suggest
the selection of genetically resistant cells or
the alteration of an affected organelle to a
hydrazine-refractory state. Regardless of
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the mechanism, it appears that hydrazine
evokes some form of selection or tolerance.
This observation is supported by data
showing that entire populations, rather than
a few selected cells, seem altered by
hydrazine treatment (Figs. 3, 4). Further-
more, Fig. 3 indicates that, in the tissues
studied, hydrazine acted in a disruptive but
nonmutational manner. It therefore seems
logical that hydrazine may elicit these con-
centration dependent and reversible re-
sponses by actively and nonmutagenically
interfering with a common cellular site in a
wide spectrum of cell types. The SEM and
electrophysiological studies, which were
done on very different cell types, suggest
that the cell surface may be a common target
site of hydrazine action. Furthermore, the
increase of multinucleation by cell fusion
seen in hydrazine-treated cultures also
indicates that the cell surface is a major site
of this compound’s action.

The above observation is further sup-
ported by the literature in which hydrazine
derivatives have been shown to elicit a wide
variety of effects in studies performed on
biological membranes (Balduini et al., 1977,
Barkla and Tutton, 1977; Braun and Wolfe,

a
Control

mv

100
b .
1mM Hydrazine
[
v
98¢

-100

F16. 10. Effects of exposure to 1.0 mM hydrazine (a)
control activity, (b) aberrant electrical activity after 1
hr in 1.0 mm hydrazine solution.
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1977; Caroni, 1977; Jain and Subrahman-
yam, 1978; Jain et al., 1977, 1978; Kat-
sumata et al., 1977; McLean et al., 1978;
Tsau ete al., 1977, Walter et al., 1978;
Zimmer, 1977). The observations of these
numerous studies support the view that the
hydrazine-induced cellular effects seen in
our data stem from membrane interactions
with this compound. Furthermore, it seems
logical that such a strong reducing agent
as hydrazine would directly affect the cell
structure it first contacts.
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Fluorescence Studies of Hydrazine Treated Cells In Vitro

Ann Elizabeth Siemens, Robert J. Walter, and Michael W. Berns
University of California, Irvine, CA 92717

In order to elucidate the effects of hydrazine and monomethyl hydrazine
on vertebrate cells in vitro further, fluorescent studies were undertaken on
the two cell components shown to be targets of the hydrazines: the cell
membrane and the mitochondria.

Hydrazine treated cells were examined using the cormon cell surface re-
ceptor probe, the fluoresceinated lectin, concanavilin A. Agents that effect
the cell surface often affect the distribution of Con-A binding sites. When
compared to non-hydrazine treated controls, Hz treated heart cell fibroblasts
showed a very marked increase in Con-A binding at the cell peripheries, at
cellular junctions, and in the ruffling edges of cell menbranes. This effect
was evident though greatly reduced in Mi4H-treated cells. It therefore appears
that Hz has a greater cell surface effect, as evidenced by the distribution
of Con-A binding sites; internally, however, the greater mitochondrial effects
are produced by MMM, as evidenced by the TEM studies in the previous paper.

In order to characterize the difference between the two hydrazines further
and to elucidate the mitochondrial effect, fluorescent measurements were made
on pre-selected individual mitochondria using a focused laser beam. Cardiac
cells were first treated with the mitochondrial fluorochrome Rhodamine 6G. The
cells were next exposed to appropriate dosages of Hz and "H. A blue 442 nm
helium cadmium laser was then focused to a lum spot inside a pre-selected single
mitochondrion, and the fluorescence emission was recorded over time using a
photon sensitive photomultipler attached to a multichannel analyzer. Control
(non-hydrazine treated) cells exhibited a cyclical fluorescent pattern that
consisted of bursts of intense fluorescence followed by a majar decrease in
fluorescence. It was normal to observe alternating periods of intense fluores-
cence followed by weak fluorescence over a 5-10 minute period. Cells treated
with the parental hydrazine compound exhibited an initial intense fluorescent
emission followed by a sudden decrease in fluorescence, as did the controls.
However, there was no cyclical pattern of recovery and decrease. Instead,
after the initial burst of fluorescence there was only erratic, weak, small
fluorescent peaks. Treatment with M1H completely eliminated any significant
change in fluorescent intensity following the initial fluorescent peak.

In conclusion, both the cell surface fluorescent patterns and the
mitochondrial oscillating fluorescent decays demonstrate a distinct effect
of the hydrazines on the cells. In addition, the data in both assay systems
indicate a difference in effect of the two hydrazines studied.
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CELLULAR EFFECTS OF HYDRAZINE AND MONOMETHYL HYDRAZINE

Anne E. Siemens and Michael W. Berns
Developmental and Cell Biology

University of California
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The présent study extended earlier work to elucidate the cellular
mode of action of the hydrazines. In particular the compounds hydrazine
(Hz) and monomethyl hydrazine (MMH) were compared with respect to effects
on (1) cell growth, (2) cell surface microvilli, and (3) fluorescence
intensity of single mitochondria stained with Rhodamine 6G. Both compounds
exhibited a dose dependent depression on the growth of Xenopus (A6) frog
kidney cells, though MMH was more cytotoxic (2 mM) than was Hz (10 mM).
Both compounds induced a reduction in cell surface microvilli; however, H;
was more effective than MMH. With respect to alteration in mitochondrial
fluorescence of rat myocardial cells, both compounds affected the pattern
when compared to controls, though the effects of Hz and MMH do appear
to differ. The results reported here confirm that both Hz and MMH affect
(1) cell growth, (2) the cell surface, and (3) cellular mitochondria.

The degree to which these compoun